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(54) METHOD FOR OPTICAL RECORDING AND OPTICAL RECORDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
optical recording and an optical recorder in which a 
plurality of data groups can be recorded with one 
exposure in multiple as holograms in one region of an 
optical recording medium and fast recording is possible. 
SOLUTION: Signal light 1 holding a first data group by 
the intensity distribution 25 and a second data group 
by the polarization distribution 26 is made to irradiate a 
specified region of an optical recording medium 
together with referential light to perform multiple 
recording of the polarization distribution 26 and the 
intensity distribution 25 of the signal light as 
holograms. Thus, by recording a plurality of data groups 
at a time in the optical recording medium, significantly 
fast recording is realized compared to the conventional method. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An optical recording method which irradiates a predetermined region of an optical 
recording medium with an optical signal which holds two or more data constellations 
according to polarization distribution and intensity distribution simultaneously with a 
reference beam, and carries out multiplex recording by making polarization distribution and 
intensity distribution of this optical signal into a hologram. 

[Claim 2]The optical recording method according to claim 1 which said optical signal holds 
the 1st data constellation according to intensity distribution, and holds the 2nd data 
constellation according to polarization distribution. 

[Claim 3]The optical recording method according to claim 2 which gives polarization 
distribution corresponding to the 2nd data constellation to light which holds the 1st data 
constellation according to intensity distribution, and generates said optical signal. 
[Claim 4]The optical recording method according to claim 2 or 3 with the larger minimum 
intensity of said intensity distribution than 0. 

[Claim 5]An optical recording method given in any 1 paragraph of claims 1-4 which have a 
polarization induction layer which consists of polymers or a polymer liquid crystal which has 
a basis which said optical recording medium equips the whole surface side with 
photoinduced birefringence nature at least, and is photoisomerized to a side chain. 
[Claim 6]The optical recording method according to claim 5 with which said basis to 
photoisomerize contains an azobenzene skeleton. 

[Claim 7]The optical recording method according to claim 5 or 6 said polymers or whose 
polymer liquid crystals are at least one sort of monomer polymers chosen from a polyester 
group. 

[Claim 8]Hold the 1st data constellation according to intensity distribution of polarization of 
a determined direction, and. An optical recording method which irradiates a predetermined 
region of an optical recording medium with an optical signal which holds the 2nd data 
constellation according to intensity distribution of polarization of a different direction from 
this determined direction simultaneously with a reference beam, and carries out multiplex 
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recording by making polarization distribution and intensity distribution of this optical signal 
into a hologram. 

[Claim 9]An optical recording device comprising: 
A light source which emits a coherent light. 

Two or more spatial-light-modulation machines which generate an optical signal which 
modulates light from said light source and holds two or more data constellations according 
to polarization distribution and intensity distribution. 

An optical signal irradiation means which irradiates a predetermined region of an optical 
recording medium with said optical signal. 

A reference beam irradiation means which irradiates said predetermined region of an 
optical recording medium with a reference beam simultaneously with an optical signal. 

[Claim 10]The optical recording device comprising according to claim 9: 
The 1st spatial-light-modulation machine that generates an optical signal which said two or 
more spatial-light-modulation machines carry out intensity modulation of the light from said 
light source according to the 1st data constellation, and holds the 1st data constellation 
according to intensity distribution. 

The 2nd spatial-light-modulation machine that generates an optical signal which carry out 
polarization modulation of the optical signal holding said 1st data constellation according to 
the 2nd data constellation, and the 1st data constellation is held according to intensity 
distribution, and holds the 2nd data constellation according to polarization distribution. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJEspecially this invention relates to the optical recording method and 
optical recording device which carry out hologram recording of the information to an optical 
recording medium about an optical recording method and an optical recording device. 
[0002] 

[Description of the Prior ArfJAs represented by a compact disc (CD), a magneto-optical disc 
(MO), digital versatile disk (DVD), etc., the optical memory used now is a superficial two- 
dimensional memory. The necessity for a high speed and a bulk memory is increasing with 
development of multimedia art in recent years. However, in the present two-dimensional 
optical memory, storage density is restricted to 5 Gbit/cm 2 by the diffraction limit of light. 
Therefore, in order to perform high-density record, it is necessary to record information by 
three dimensions including the depth direction of the recording medium. 
[0003]The holographic memory which records information in the form of a hologram is a 
Motomitsu Mitsugi memory, and the record in large scale is possible for it. A holographic 
memory is a page type memory. 

It has the rapidity by package record and reproduction in the page unit of two dimensional 
data. 

For this reason, the holographic memory attracts attention as a next-generation recording 
medium. 

[0004]A holography is art recorded and reproduced through the amplitude (intensity) of a 
light wave, and the information on a phase. If one more coherent light (reference beam) is 
simultaneously entered into a recording medium when irradiating an object with a coherent 
light like a laser beam and entering the catoptric light (object light) from an object into a 
recording medium, an interference fringe will be formed on a recording medium. It is the 
hologram which recorded the light intensity distribution by this interference into the medium 
as change of a refractive index or an absorptivity. If only a reference beam is entered into 
the recording medium with which the hologram was recorded, a hologram will work as a 
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diffraction grating and object light will be reproduced. 

[0005]The hologram recording of digital data is also possible by changing digital data 
(binary data of 0 or 1) into an ON-and-OFF pattern using a spatial-light-modulation 
machine, and entering a recording medium as object light. The original binary data is 
renewable from the electrical signal acquired by irradiating a recording medium with a 
reference beam, reproducing object light, receiving light by a photodetector and carrying 
out photoelectric conversion of the reproduced object light. 
[0006]Generally as a method which carries out multiplex recording of two or more 
holograms to the same space area, angle multiplex, wavelength multiplexing, phase 
multiplex, surface-of-a-sphere reference beam shift multiplex, etc. are known. The angle 
multiplex mode is used most widely especially. 

According to this method, the record reproduction of the different hologram by changing 
and recording the degree of incidence angle of a reference beam can be carried out. 

[0007]Jn JP.10-340479.A and JP.2000-67459.A, these people changed the polarization 
direction of the optical signal or the reference beam, and have proposed the optical 
recording method which records two or more optical signals on the same field of an optical 
recording medium as two or more holograms multiplex. By making mutually the direction of 
the linear polarization of an optical signal and a reference beam into two kinds, a parallel 
direction and the direction which goes direct mutually, in this optical recording method, Two 
optical signals are recordable on the same field of the optical recording medium (a 
polarization induction type optical recording medium is called hereafter) which induces the 
polarization condition of incident light and can record a polarization direction as a hologram 
of two sheets multiplex. 

[0008]For example, the 1st optical signal is recorded on the predetermined region of a 
polarization induction type optical recording medium as a hologram (light intensity 
hologram) of the 1st sheet in the 1st step by making both an optical signal and a reference 
beam into s-polarized light at the time of record. In the 2nd step, a reference beam rotates 
90 degrees of the directions of the linear polarization of an optical signal with s-polarized 
light, considers it as p-polarized light, and records the 2nd optical signal on the field to 
which the hologram of the 1st sheet of the optical recording medium was recorded as a 
hologram (polarization hologram) of the 2nd sheet. However, a light intensity hologram and 
a polarization hologram may record any first. 

[0009] It is also possible as above-mentioned to record on multiplex the polarization 
hologram which changes the polarization direction of an optical signal into the same field of 
an optical recording medium, and holds a data constellation according to space polarization 
distribution to it, and the light intensity hologram which holds a data constellation according 
to intensity distribution or phase distribution. 

[0010]At the time of read-out, a light intensity hologram and a polarization hologram 
irradiate the predetermined region recorded on multiplex with the read light which the same 
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as that of the reference beam at the time of record or is phase conjugation light. The 
diffracted light which has an s-polarized light ingredient by a light intensity hologram and a 
p-polarized light ingredient by a polarization hologram by this is obtained. 
[001 1]The obtained diffracted light can be divided into an s-polarized light ingredient and a 
p-polarized light ingredient using light polarizers, such as a polarization beam splitter, and 
two data in which multiplex recording is carried out by each hologram can be separated and 
taken out by detecting independently an s-polarized light ingredient and a p-polarized light 
ingredient. 

[0012]Thus, since according to the method mentioned above two or more holograms can 
be recorded on multiplex and two or more holograms can be separated and read to the 
same field of an optical recording medium from the same field, storage capacity can be 
used as twice the conventional holographic memory. 
[0013] 

[Problem(s) to be Solved by the lnvention]However, when changing and carrying out 
multiplex recording of the polarization direction of an optical signal as mentioned above, the 
optical recording medium had to be exposed for every optical signal from which a 
polarization direction differs, hologram recording had to be performed respectively, and it 
was the same as the conventional recording methods, such as an angle multiplex mode, in 
the field of the recording rate. 

[0014]This invention is made in view of the above-mentioned situation, and the purpose of 
this invention is to be able to record two or more data constellations on the same field of an 
optical recording medium by one exposure multiplex, and to provide the optical recording 
method in which speed recording is possible, and an optical recording device. 
[0015] 

[Means for Solving the ProblemJTo achieve the above objects, an optical recording method 
of this invention irradiates a predetermined region of an optical recording medium with an 
optical signal which holds two or more data constellations according to polarization 
distribution and intensity distribution simultaneously with a reference beam, and carries out 
multiplex recording by making polarization distribution and intensity distribution of this 
optical signal into a hologram. 

[0016]ln an optical recording method of this invention, an optical signal holds two or more 
data constellations according to polarization distribution and intensity distribution. That is, 
two or more data constellations can be made to hold to an optical signal by using luminous 
intensity and a polarization direction as a data carrier. Since a predetermined region of an 
optical recording medium is irradiated with this optical signal simultaneously with a 
reference beam and multiplex recording is carried out by making polarization distribution 
and intensity distribution of this optical signal into a hologram, two or more data 
constellations are recordable on the same field of an optical recording medium by one 
exposure by this optical signal multiplex. Compared with the former, large improvement in 
the speed is realizable as the record time becomes half, when recording two data 
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constellations simultaneously, for example by recording a data constellation of this passage 
plurality on an optical recording medium simultaneously. 

[0017]As an optical signal for performing hologram recording, the 1st data constellation is 
held according to intensity distribution, and an optical signal which holds the 2nd data 
constellation according to polarization distribution is preferred. Such an optical signal can 
give and generate polarization distribution corresponding to the 2nd data constellation in 
light which holds the 1st data constellation according to intensity distribution. When 
intensity distribution expresses the 1st data constellation, it is preferred that the minimum 
intensity of intensity distribution is larger than zero. 

[0018]The material in which photoinduced birefringence nature (called optical induction 
dichroism or photoinduced anisotropy) is shown can induce a polarization condition of light 
which enters into this, and can record a polarization direction of incident light. Polymers or a 
polymer liquid crystal which has also in this a basis photoisomerized to a side chain is 
excellent in a recording characteristic. Therefore, as an optical recording medium, the 
whole surface side is equipped with photoinduced birefringence nature, and what provided 
a polarization induction layer which consists of polymers or a polymer liquid crystal which 
has a basis photoisomerized to a side chain is preferred at least. As a basis to 
photoisomerize, a thing containing an azobenzene skeleton is preferred, and at least one 
sort of monomer polymers chosen from a polyester group are preferred as polymers or a 
polymer liquid crystal. 

[0019]Hold the 1st data constellation according to intensity distribution of polarization of a 
determined direction, and. A predetermined region of an optical recording medium is 
irradiated with an optical signal which holds the 2nd data constellation according to intensity 
distribution of polarization of a different direction from this determined direction 
simultaneously with a reference beam, and polarization distribution and intensity distribution 
of this optical signal are made into a hologram, and it may be made to carry out multiplex 
recording. 

[0020]An optical recording device of this invention modulates light from a light source which 
emits a coherent light, and said light source, Two or more spatial-light-modulation machines 
which generate an optical signal which holds two or more data constellations according to 
polarization distribution and intensity distribution, It constituted including an optical signal 
irradiation means which irradiates a predetermined region of an optical recording medium 
with said optical signal, and a reference beam irradiation means which irradiates said 
predetermined region of an optical recording medium with a reference beam simultaneously 
with an optical signal. 

[0021]ln an optical recording device of this invention, a coherent light emitted from a light 
source with two or more spatial-light-modulation machines is modulated, and an optical 
signal which holds two or more data constellations according to polarization distribution and 
intensity distribution is generated. That is, coherent luminous intensity and a polarization 
direction which were emitted from a light source can be modulated with two or more spatial- 
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light-modulation machines, and an optical signal which made two or more data 
constellations hold can be generated. Since an optical signal irradiation means irradiates a 
predetermined region of an optical recording medium with this optical signal, a reference 
beam irradiation means irradiates said predetermined region of an optical recording 
medium with a reference beam simultaneously with an optical signal and multiplex 
recording is carried out by making polarization distribution and intensity distribution of this 
optical signal into a hologram, Two or more data constellations are recordable on the same 
field of an optical recording medium by one exposure by this optical signal multiplex. 
[0022]The 1st spatial-light-modulation machine that generates an optical signal which two 
or more spatial-light-modulation machines carry out intensity modulation of the light from a 
light source according to the 1st data constellation, for example, and holds the 1st data 
constellation according to intensity distribution, According to the 2nd data constellation, 
carry out polarization modulation of the optical signal holding the 1st data constellation, and 
the 1st data constellation is held according to intensity distribution, and it can ** constitute 
with the 2nd spatial-light-modulation machine that generates an optical signal which holds 
the 2nd data constellation according to polarization distribution. 
[0023] 

[Embodiment of the InventionJHereafter, an embodiment of the invention is described with 
reference to drawings. 

[0024]First, the polarization induction type optical recording medium used by this invention 
is explained. 

[0025]As shown in drawing 1 (A), the polarization induction type optical recording medium 
10 forms the polarization induction layer 12 which shows photoinduced birefringence nature 
in the whole surface side of the transparent substrates 1 1 , such as a glass substrate, and is 
constituted. It irradiates with the optical signal 1 and the reference beam 2 at the time of 
record from the polarization induction layer 12 side so that it may illustrate. In order to 
realize volume type (three dimension) record, about at least 10 micrometers of thickness of 
the polarization induction layer 12 are necessity, and their larger one is desirable. If the 
thickness of the polarization induction layer 12 shall be 1 mm, the storage capacity of about 
100 sheets of CD-ROM can be obtained. 

[0026]A polarization induction type optical recording medium may form the optical- 
recording-medium 10 whole in the polarization induction layer 12 which shows 
photoinduced birefringence nature, as shown in drawing 1 (B). Thickness of the polarization 
induction layer 12 10 in this case, i.e., an optical recording medium, is made the same as 
the thickness of the polarization induction layer 12 of drawing 1 (A). 
[0027]ln the case of which [ of drawing 1 (A) and (B) ], the optical recording medium 10 is 
formed so that it may have a sufficiently big spread compared with a sheet shaped, i.e., 
thickness, as a whole. As for the optical recording medium 10, it is preferred to consider it 
as disk form. 

[0028]The polarization induction layer 12 shows photoinduced birefringence nature, and as 
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long as it is the material which can record the above-mentioned polarization hologram 
irrespective of the value of the angle of polarization between the optical signal 1 and the 
reference beam 2, it may comprise what kind of material. The polymers or the polymer 
liquid crystal which has a basis photoisomerized to a side chain as a suitable material, or 
the polymers which distributed the molecule to photoisomerize can be mentioned. As the 
basis to photoisomerize or a molecule, what contains an azobenzene skeleton, for example 
is preferred. 

[0029]Azobenzene shows Torrance Sis's photoisomerization by the exposure of light. If it 
will become the molecular structure shown in a following chemical formula (A) if it becomes 
trans form, and it becomes a cis form, it will become the molecular structure shown in a 
following chemical formula (B). Since the cis form is thermally unstable, before optical 
pumping of the azobenzene is carried out, trans form exists mostly, and trans form is 
isomerized to a cis form by optical pumping. If azobenzene is irradiated with the light of 
linear polarization, directivity will be produced in photoisomerization and orientation change 
of azobenzene will be caused. As a result, directivity appears in an absorptivity or a 
refractive index. Generally, these character is called photoinduced birefringence nature, 
optical induction dichroism, or photoinduced anisotropy. The these-excited anisotropy is 
eliminable by irradiating with the light which is not polarized [ circular light or ]. 



[0031]The polyester which has cyanoazobenzene can be mentioned to the side chain 
expressed with the following chemical formula as a suitable example of the material of the 
polarization induction layer 12. This polyester originates in the photoinduced anisotropy by 
photoisomerization of the cyanoazobenzene of a side chain, The polarization direction of an 
optical signal is made into a hologram. . Are recordable. ("Holographic recording and 
retrieval of polarized light by use of polyester containing cyanoazobenzeneunits in the 
side ) chain", K.Kawano, T. Ishii, J. Minabe, T. Niitsu, Y.Nishikata and K. Baba, Opt. Lett. 
Vol. 24 (1999) pp. 1269-1271. 
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[0032] 
[Formula 2] 




n 



[0033]The optical recording medium 10 provided with the polarization induction layer 12 
which consists of the above-mentioned polyester material is producible by carrying out the 
cast and making it dry on the glass substrate which washed the chloroform fluid of 
polyester. When the absorption spectrum of the optical recording medium 10 with which the 
polarization induction layer 12 of 20 micrometers of thickness was formed was measured, 

the spectrum which has a peak near 365 nm equivalent to pi-pi * transition of azobenzene 
was acquired. 

[0034]The manufacturing method of an optical recording medium is not restricted to this, 
may carry out the spin coat of the material of the polarization induction layer 1 2 on a 
substrate, may produce an optical recording medium, pours in the material of the 
polarization induction layer 12 to a parallel plate cell, and may produce an optical recording 
medium. The material of the polarization induction layer 12 may be pasted up on a film like 
substrate with a hotpress, and an optical recording medium may be produced. 
[0035]The polymers or the polymer liquid crystal which has this azobenzene in a side chain, 
or the polymers which distributed azobenzene to the optical recording medium 10 which it 
has as the polarization induction layer 12. When recording a hologram, the same field of 
the optical recording medium 10 is simultaneously irradiated with the respectively coherent 
optical signal 1 and the reference beam 2. 

[0036]ln this case, when a polarization direction of the optical signal 1 and the reference 
beam 2 is mutually parallel, as it is shown in drawing 2 (A), for example, when both the 
optical signal 1 and the reference beam 2 are s-polarized light, light intensity distribution is 
produced in the optical recording medium 10 by two interferences of light wave of the 
optical signal 1 and the reference beam 2. And orientation change of azobenzene is caused 
[ strong ] despite light intensity. Therefore, a lattice of an absorptivity corresponding to light 
intensity distribution or a refractive index is recorded as a hologram. 
[0037]On the other hand, when a polarization direction of the optical signal 1 and the 
reference beam 2 is made to intersect perpendicularly mutually, as it is shown in drawing 2 
(B), for example, when the optical signal 1 is made into p-polarized light and the reference 
beam 2 is made into s-polarized light, light intensity distribution [ like ] when a polarization 
direction of the optical signal 1 and the reference beam 2 is mutually parallel is not 
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produced. Instead, a polarization direction is modulated in spatial period and the linear 
polarization portion 8 and the elliptical polarization portion 9 appear periodically by turns. 
[0038]ln this case, although it becomes uniform [ light intensity distribution ], since 
orientation change of azobenzene is caused according to modulated polarization 
distribution, a lattice of a mold of an absorptivity or a refractive index with which directivity 
differs spatially is recorded as a hologram. 

[0039]Henceforth, a hologram by light intensity distribution when a polarization direction of 
the optical signal 1 and the reference beam 2 is parallel is called a light intensity hologram 
like drawing 2 (A), and a hologram by polarization distribution in case a polarization 
direction of the optical signal 1 and the reference beam 2 intersects perpendicularly like 
drawing 2 (B) is called a polarization hologram. 

[0040]Thus, according to the optical recording medium 10 provided with polymers or a 
polymer liquid crystal which has azobenzene in a side chain, or polymers which distributed 
azobenzene as the polarization induction layer 12. A hologram is recordable as a result of 
inducing the anisotropy of azobenzene, even if a polarization direction of the optical signal 
1 and the reference beam 2 is parallel and it lies at right angles. 
[0041 ]lf a polarization direction of the hologram read light 3 is made into a polarization 
direction of the reference beam 2, and the same direction in each above-mentioned case, 
the diffracted light 4 with the same polarization condition as the optical signal 1 can be 
obtained. A recorded hologram will be held without relaxation under room temperature 
available light for several years or more. 

[0042]An example of an optical recording device of this invention is shown in drawing 3 . 
This optical recording device is applicable also to read-out (reproduction) of recorded 
information. 

[0043]As shown in drawing 3 , this optical recording device is provided with the recording 
head 22 which irradiates a predetermined region of the optical recording medium 10 with 
the optical signal 1 and the reference beam 2 simultaneously, and records a hologram, and 
the read station 23 which reads the diffracted light 4 by a recorded hologram. 
[0044]The recording head 22, A coherent light. Light from the light source 40 and the light 
source 40 to emit. The lenses 43 and 44 which carry out parallel Guanghua of the light 
wave which penetrated the beam splitter 41 divided into an object for optical signals, and 
two light waves for reference beams, and the beam splitter 41, the 1st spatial-light- 
modulation machine 20 that carries out intensity modulation of the light wave by which 
parallel Guanghua was carried out, and a light wave by which intensity modulation was 
carried out. It has the condenser 45 which condenses the 2nd spatial-light-modulation 
machine 30, intensity modulation, and optical signal 1 by which polarization modulation was 
carried out that carries out polarization modulation to a predetermined region of the optical 
recording medium 10, and the mirrors 47 and 48 led to a predetermined region of the 
optical recording medium 10 by making into the reference beam 2 a light wave reflected by 
the beam splitter 41 . 
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[0045]Between the beam splitter 41 and the lens 43, the shutter 42 which intercepts a light 
wave for optical signals is arranged. This shutter 42 is closed at the time of read-out, the 
optical signal 1 is intercepted, and the optical recording medium 10 is entered by making 
into read light only the reference beam 2 reflected by the beam splitter 41 . 
[0046]On the other hand, the read station 23 has the photodetectors 50, such as CCD 
which detects the diffracted light which enters via the light polarizers 49, such as the lens 
46 which carries out parallel Guanghua of the diffracted light 4, and a polarization beam 
splitter which separates a predetermined polarization component contained in the diffracted 
light 4, and the light polarizer 49. 

[0047]lt is respectively connected to the computer 21 and the 1st spatial-light-modulation 
machine 20 and the 2nd spatial-light-modulation machine 30 are respectively controlled by 
the computer 21. 

[0048]As the light source 40, what material of the polarization induction layer 12 of the 
optical recording medium 10 has sensitivity, and emits a coherent light can be used. When 
using for the polarization induction layer 12 polyester which has cyanoazobenzene in a side 
chain, it is preferred to use argon ion laser with an oscillation wavelength [ corresponding to 
the skirt of an absorption peak of the optical recording medium 10 ] of 515 nm for a light 
source. 

[0049]As the 1st spatial-light-modulation machine 20, a transmission type spatial-light- 
modulation machine in which a transparent electrode was formed to both sides of 
electrooptics conversion materials, such as a liquid crystal, can be used. A liquid crystal 
panel for projectors can be mentioned as this type of a spatial-light-modulation machine. A 
liquid crystal panel for projectors is provided with the transmission type liquid crystal cell 
124 in which the electrodes 122 and 123 were formed to both sides of the liquid crystal 121 
which is one of the electrooptics conversion members as shown in drawing 4 . The 
polarizing plates 126 and 127 are arranged at the both-sides [ of the liquid crystal cell 124 ], 
i.e., input and output, side. 

[0050]As the 2nd spatial-light-modulation machine 30, a transmission type spatial-light- 
modulation machine in which a transparent electrode was formed to both sides of 
electrooptics conversion materials, such as a liquid crystal, as well as the 1st spatial-light- 
modulation machine 20 can be used. However, in order to make polarization modulation 
possible, to use a liquid crystal panel for the above-mentioned projectors, it is necessary to 
remove a polarizing plate arranged at least at an output side. 

[0051 ]ln a spatial-light-modulation machine which performs this polarization modulation, 
polarization of light which enters into each pixel is modulated by forming two or more pixels 
in two dimensions, operating each pixel as 1/2 wavelength plate, and giving information on 
a bit corresponding to each pixel in two dimensional data as existence of voltage 
impressing. 

[0052]For example, as shown in drawing 5 , the incident light 6 enters the spatial-light- 
modulation machine 30 as s-polarized light. And in a pixel to which voltage of the spatial- 
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light-modulation machine 30 is not impressed, an axis of 1/2 wavelength plate becomes 
parallel to a polarization direction of the incident light 6, and the optical signal 1a which 
penetrated this pixel turns into s-polarized light. On the other hand, an axis of 1/2 
wavelength plate rotates 45 degrees of pixels to which voltage of the spatial-light- 
modulation machine 30 was impressed, 90 degrees of polarization directions of the incident 
light 6 are rotated, and the optical signal 1 b which penetrated this pixel turns into p- 
polarized light. Thus, the optical signal 1 which passed the spatial-light-modulation machine 
30 has the space polarization distribution corresponding to two dimensional data given to 
the spatial-light-modulation machine 30. 

[0053JCoherent light outputted from the light source 40 is divided into an object for optical 
signals, and two light waves for reference beams by the beam splitter 41 . Let a light wave 
which penetrated the beam splitter 41 be a parallel beam with a big light diameter with the 
lenses 43 and 44. Then, intensity modulation of the light wave by which parallel Guanghua 
was carried out is carried out with the 1st spatial-light-modulation machine 20, polarization 
modulation is carried out with the 2nd spatial-light-modulation machine 30, and the optical 
signal 1 is generated. 

[0054JA process which a data constellation multiplexes is shown in drawing 6 . First, 
according to the 1st data constellation, intensity modulation of the light wave which entered 
is carried out with the 1st spatial-light-modulation machine 20, and a light wave which has 
the intensity distribution 25 corresponding to the 1st data constellation is generated. Next, 
according to the 2nd data constellation, polarization modulation of the light wave by which 
intensity modulation was carried out is carried out with the 2nd spatial-light-modulation 
machine 30, and the optical signal 1 given the polarization distribution 26 corresponding to 
the 2nd data constellation is generated. That is, a data constellation has multiplexed to the 
obtained optical signal 1, and the optical signal 1 holds the 1st data constellation according 
to the intensity distribution 25, and it holds the 2nd data constellation according to the 
polarization distribution 26. 

[0055]Data information explains to an example in detail a case where data information (2x2 
pixels or 2x2 bits) is made to hold for convenience, about multiplexing. 
[0056]The 1st data constellation (data page) is shown in drawing 7 (a). With the 1st spatial- 
light-modulation machine 20, it corresponds to a data page shown in drawing 7 (a), A light 
wave which entered is modulated and digital data expressed by intensity distribution of a 
binary is generated so that light intensity of a pixel corresponding to l Q and data "1" in light 

intensity of a pixel corresponding to data "0" may serve as I (l 0 <l 1 ) ( drawing 7 (b)). That is, 
a pixel corresponding to data "0" is a pixel of "dark", and a pixel corresponding to data "1" is 
a pixel of "**." It is l Q !=0 here and all the pixels of the spatial-light-modulation machine 20 
make light penetrate. By being referred to as l Q !=0, a light wave which carried out 
polarization modulation about all the pixels as shown below can be obtained. 
[0057]The 2nd data constellation (data page) is shown in drawing 7 (c). A light wave by 
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which intensity modulation was carried out with the 1st spatial-light-modulation machine 20 
enters into the 2nd spatial-light-modulation machine 30 next. A light wave which penetrated 
the 1st spatial-light-modulation machine 20 has a predetermined polarization azimuth with a 
polarizing plate of the 1st spatial-light-modulation machine 20. With the 2nd spatial-light- 
modulation machine 30, corresponding to a data page shown in drawing 7 (c). so that a 
polarization azimuth of a pixel corresponding to 0 degree (p-polarized light) and data "1" in 
a polarization azimuth of a pixel corresponding to data "0" may be 90 degrees (s-polarized 
light), A light wave which entered is modulated and digital data expressed by polarization 
distribution of a binary is generated ( drawing 7 (d)). 

[0058]ln the above-mentioned case, since a light wave eventually modulated with two 
spatial modulation machines serves as the optical signal 1 , as shown in drawing 7 (e). the 
1st data page is coded by intensity modulation and the 2nd data page is coded by the 
obtained optical signal 1 by polarization modulation. 

[0059]ln the above-mentioned multiplex system, two data pages can be multiplex-codes- 
ized to one light wave by combining two spatial-light-modulation machines with multistage 
at speed which light spreads. Although 2x2 pixels was explained to an example for 
convenience above, if a 1000x1 000-pixel spatial-light-modulation machine is used, a 1 
million-bit data page can be multiplex-codes-ized at high speed at a time, for example. 
[0060]at the time of record, it is shown in drawing 3 and drawing 8 (a) - as - intensity 
modulation and the optical signal 1 by which polarization modulation was carried out - the 
lens 45 - reduction - or the Fourier transform is carried out and a predetermined region of 
the optical recording medium 10 glares. On the other hand, it is reflected by the mirrors 47 
and 48, and the reference beam 2 reflected by the beam splitter 41 is led to a 
predetermined region of the optical recording medium 10, and it enters into the optical 
recording medium 10 so that the optical signal 1 may be intersected in an optical recording 
medium. Thus, hologram recording is performed by irradiating the same field with the 
optical signal 1 and the reference beam 2 simultaneously. 

[0061 ]At the time of reproduction, as shown in drawing 3 and drawing 8 (b), the shutter 42 
is closed, the optical signal 1 is intercepted, and the optical recording medium 10 is 
irradiated by making only the reference beam 2 into the read light 3. The read light 3 is 
diffracted as if the optical signal 1 penetrated the optical recording medium 10. A diffracted 
light wave (diffracted light 4) carries out image formation of this to the photodetector 50 with 
the lens 46. This diffracted light 4 holds intensity distribution which held the same 
polarization distribution as the optical signal 1, and is proportional to the optical signal 1. 
[0062]The 1st data constellation can be read in intensity distribution of the diffracted light 4 
detected with the photodetector 50. What is necessary is just to set a transmission axis of 
the light polarizer 49 arranged at an optical path of the diffracted light 4 as 45 degrees not 
spoil intensity distribution, in reading the 1st data constellation. Since intensity of the 
diffracted light 4 is proportional to the optical signal 1, if the proportionality coefficient is set 
to alpha, light intensity of a pixel of "dark" corresponding to data "0" will serve as alphal Q , 
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and light intensity of a pixel of "**" corresponding to data "1" will serve as alphal . Here, "1" 

and "0" which are each bit value of the 1st data page can be distinguished by setting up a 
threshold between alphal Q and alpha^. 

[0063]ln reading the 2nd data constellation, the light polarizer 49 separates either the 0- 
degree polarization component of the diffracted light 4, or a 90-degree polarization 
component, and the photodetector 50 detects a separated polarization component. The 2nd 
data constellation can be read in intensity distribution of a polarization component detected 
with this photodetector 50. 

[0064] For example, if a case where a 90-degree polarization component is separated is 
explained, since a portion corresponding to a pixel (it corresponds to "0" of the 2nd data 
page) of polarization whose polarization azimuth of the diffracted light 4 is 0 degree will not 
penetrate the light polarizer 49, light intensity is 0. A portion corresponding to a pixel (it 
corresponds to "1" of the 2nd data page) of s-polarized light whose polarization azimuth of 
the diffracted light 4 is 90 degrees serves as betal Q and one light intensity of the betal r 

beta is a proportionality coefficient here. That is, since light intensity of the 90-degree 
polarization component of the diffracted light 4 is proportional to the optical signal 1 , when 
the 1st data page is expressed with a binary of "1" and "0", light intensity of a corresponding 
pixel serves as betal Q and betal r respectively. Then, in I <l "1" and "0" which are each bit 

value of the 2nd data page can be distinguished by setting a threshold to betal Q between 
zero. 

[0065]With an optical recording method and an optical recording device of this invention, 
multiplex recording of the optical signal which two or more data constellations which 
became independent according to intensity distribution and polarization distribution 
multiplexed can be carried out by one exposure as above. Two or more data constellations 
can be independently read from the diffracted light reproduced based on a recorded 
hologram by selection of a polarization component, and a threshold process of a 
photodetector. 

[0066]Although an example which carries out polarization modulation of the light wave by 
which carried out intensity modulation of the light wave which entered above according to 
the 1st data constellation with the 1st spatial-light-modulation machine, next intensity 
modulation was carried out according to the 2nd data constellation with the 2nd spatial- 
light-modulation machine, and generates an optical signal was explained, a modulating 
method is not limited to this. 

[0067]For example, intensity modulation may be carried out after carrying out polarization 
modulation. That is, intensity distribution corresponding to the 2nd data constellation can be 
given to light which holds the 1st data constellation according to polarization distribution, 
and an optical signal can be generated. 

[0068]lntensity modulation of the light wave from which a polarization azimuth differs may 
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be carried out respectively, and it may multiplex. That is, the 1st data constellation is held 
according to intensity distribution of polarization of a determined direction, and an optical 
signal which holds the 2nd data constellation according to intensity distribution of 
polarization of a different direction from this determined direction is generable. For 
example, as shown in drawing 9 , a polarization azimuth carries out intensity modulation of 
the light wave (p-polarized light) which is 0 degree according to the 1st data constellation 
with the 1st spatial-light-modulation machine 20, and a polarization azimuth carries out 
intensity modulation of the light wave (s-polarized light) which is 90 degrees according to 
the 2nd data constellation with the 2nd spatial-light-modulation machine 30. And the s- 
polarized light 28 by which intensity modulation was carried out to the p-polarized light 27 
by which intensity modulation was carried out is multiplexed, and the optical signal 1 is 
generated. The 1st data page is coded by intensity modulation of p-polarized light, and the 
2nd data page is coded by intensity modulation of s-polarized light by the obtained optical 
signal 1. 

[0069]lt uses together with other multiplex recording methods, such as an angle multiplex 
mode and a shift multiplex system, and a multiplex recording method of the above- 
mentioned hologram can also be carried out. 

[0070]Although the 1st spatial-light-modulation machine performs intensity modulation and 
the 2nd spatial-light-modulation machine is performing polarization modulation above, there 
is no necessity of dividing into a spatial-light-modulation machine for intensity modulation 
and a spatial-light-modulation machine for polarization modulation, it is both the 1st spatial- 
light-modulation machine and the 2nd spatial-light-modulation machine, and intensity 
modulation and polarization modulation may be performed. 
[0071] 

[Example] Next, although an example explains this invention still in detail, this invention is 
not limited to the following examples. 

[0072]The polarization induction type optical recording medium which used for the 
polarization induction layer the polyester which has the cyanoazobenzene expressed with 
said chemical formula (C) in a side chain as an optical recording medium was used. By 
carrying out the cast of the chloroform fluid of the polyester which has the 
cyanoazobenzene expressed with said chemical formula (C) in a side chain, and drying it 
on the washed glass substrate, the polarization induction layer of 20 micrometers of 
thickness was formed on the substrate, and the optical recording medium was produced. 
When the absorption spectrum of the optical recording medium was measured, the 
spectrum which has a peak near 365 nm equivalent to pi-pi * transition of azobenzene was 
acquired. 

[0073]The optical recording device of composition of being shown in drawing 3 was used 
for hologram recording and reproduction. Argon ion laser with an oscillation wavelength of 
515 nm was used for the light source 40 of this optical recording device. This wavelength 
corresponds to the skirt of the absorption peak of an optical recording medium. The size of 
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1 pixel used the liquid crystal panel 1.3 type for projectors of 640x480 pixels for the 1st 
spatial-light-modulation machine 20 and the 2nd spatial-light-modulation machine 30 at 42 
micrometers x 42 micrometers. However, the polarizing plate is arranged and intensity 
modulation corresponding to the 1st data constellation can be performed to the output side 
of the 1st spatial-light-modulation machine 20. On the other hand, there is no polarizing 
plate in the output side of the 2nd spatial-light-modulation machine 30, and polarization 
modulation corresponding to the 2nd data constellation can be performed. Here, the 1st 
spatial-light-modulation machine 20 and the 2nd spatial-light-modulation machine 30 were 
considered as the composition made to match by a pixel unit. 

[0074]As shown in drawing 3 , the laser beam outputted from the light source 40 is divided 
into two light waves by the beam splitter 41 . The transmitted light of the beam splitter 41 is 
made into a parallel beam with a big light diameter with the lenses 43 and 44. Then, the 1st 
spatial-light-modulation machine 20 and the 2nd spatial-light-modulation machine 30 are 
penetrated, and it is condensed by the optical recording medium 10 with the lens 45. On 
the other hand, it is reflected by the mirrors 47 and 48 and the catoptric light of the beam 
splitter 41 turns into the reference beam 2, and it enters so that the optical signal 1 may be 
intersected in the optical recording medium 10. the light wave which controlled each of the 
1st spatial-light-modulation machine 20 and the 2nd spatial-light-modulation machine 30 by 
the computer 21, and entered - intensity modulation - and polarization modulation was 
carried out and the optical signal 1 was generated. 

[0075]ln the 1st spatial-light-modulation machine 20, intensity modulation was performed 
based on the digital data (the 1st data) shown in drawing 7 (a). Light intensity of the pixel 
corresponding to data "1" was made into the maximum transmitted light intensity ("**" 
state), and the digital data expressed with the intensity distribution of the binary which 
shows drawing 7 (b) the light intensity of the pixel corresponding to data "0" as 50% of light 
intensity ("dark" state) of a "**" state was generated. 

[0076]ln the 2nd spatial-light-modulation machine 30, intensity modulation was performed 
based on the digital data (the 2nd data) shown in drawing 7 (c). The polarization azimuth of 
the pixel corresponding to data "0" rotated at 0 degree (p-polarized light), and the 
polarization azimuth of the pixel corresponding to data "1" generated the digital data 
expressed with the polarization distribution of the binary which is rotated at 90 degrees, and 
which is made like (s-polarized light) and shown in drawing 7 (d). 

[0077]Two or more holograms were recorded by irradiating the optical recording medium 10 
with the optical signal 1 with the reference beam 2. Here, the amount of recording exposure 
was made into about 1 J/cm 2 . 

[0078]At the time of read-out, the shutter 42 arranged on the optical path of the optical 
signal 1 was closed, the optical signal 1 was intercepted, and only the reference beam 2 
was entered in the optical recording medium 10. Image formation of the diffracted light 4 
was carried out to the photodetector 50 constituted from CCD with the lens 46, and the data 
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image was read. Light intensity of the read light 3 was made into 10 mW/cm Here, 
although the reference beam 2 at the time of record and the light of the same wavelength 
were used for the read light 3, what is necessary is just to become an optical path by which 
the recorded Bragg condition of a hologram is fulfilled, and the read light 3 of different 
wavelength from the reference beam 2 may be used. While reducing the absorption loss by 
the optical recording medium 10 by using the wavelength greatly separated from the 
absorption peak of azobenzene, the recorded nondestructive readout of a hologram is 
realizable. 

[0079]The light polarizer 49 separated the 45-degree polarization component of the read 
diffracted light 4. The separated polarization component was detected by the photodetector 
50. The 45-degree polarization component of the diffracted light 4 showed the intensity 
distribution shown in drawing 7 (b) corresponding to the 1st data page. The intensity of the 
45-degree polarization component of the diffracted light 4 was proportional to the optical 
signal 1, and the diffraction efficiency at the time of read-out was about 10% on condition of 
this example. Since the direction of the light polarizer 49 accomplishes the polarization 
azimuth of the diffracted light 4, and 45 degrees, the light intensity of the diffracted light 4 is 
set to one half by penetrating the light polarizer 49. Therefore, the light intensity of the pixel 
of a "**" "dark" state corresponding to about 0.5 mW/cm 2 and data "0" for the light intensity 
of the pixel of a state corresponding to data "1" can be estimated to be about 0.25 mW/cm 2 . 
By setting up a threshold among both, "1" and "0" which are each bit value of the 1st data 
page were able to be distinguished. 

[0080]Next, in order to read the 2nd data page, the light polarizer 49 separated a 90-degree 
polarization component. Since the pixel (it corresponds to "0" of the 2nd data page) of the 
p-polarized light whose polarization azimuth of the diffracted light 4 is 0 degree does not 
penetrate the light polarizer 49, light intensity is 0. The polarization azimuth of the diffracted 
light 4 the pixel (it corresponds to "1" of the 2nd data page) of the s-polarized light which is 
90 degrees, In the case of the pixel corresponding to the data "1" of the 1st data page, light 
intensity serves as about 1.0 mW/cm 2 , and, in the case of the pixel corresponding to data 
"0", light intensity serves as about 0.5 mW/cm 2 which is the 1/2. Then, "1" and "0" which 
are each bit value of the 2nd data page were able to be distinguished by setting a threshold 
to less than or more 0 0.5 mW/cm 2 . 

[0081 ]lt was shown that it is possible to carry out multiplex recording of the independent 
data page generated by intensity modulation and polarization modulation by one exposure, 
and to read it independently by selection of a polarization component and the threshold 
process of a photodetector from the above result. 
[0082] 

[Effect of the lnvention]Since according to the optical recording method and optical 
recording device of this invention the polarization distribution and intensity distribution of 
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this optical signal are made into a hologram and multiplex recording is carried out using the 
optical signal which holds two or more data constellations according to polarization 
distribution and intensity distribution, Two or more data constellations can be recorded on 
the same field of an optical recording medium by one exposure multiplex, and the effect 
that large improvement in the speed is realizable is done so by recording the data 
constellation of this passage plurality on an optical recording medium simultaneously. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a sectional view showing the composition of the optical recording medium 
used by this invention. 

[Drawing 2] It is an explanatory view for explaining the hologram by light intensity 
distribution, and the hologram by polarization distribution. 

[Drawing 3] lt is a figure showing an example of the optical recording device of this 
invention. 

[Drawing 4] lt is a sectional view showing the composition of the spatial modulation machine 
used by this invention. 

[Drawing 51 lt is a figure showing the polarization distribution of the optical signal by which 
polarization modulation was carried out with the spatial modulation machine. 
[Drawing 6] lt is a figure showing one example of the process which a data constellation 
multiplexes to an optical signal. 

[Drawing 7]The figure showing the 1st data page that (a) records, the figure with which (b) 
expressed the 1st data page of (a) according to the intensity distribution of the binary, The 
figure showing the 2nd data page that (c) records, the figure with which (d) expressed the 
2nd data page of (c) according to the polarization distribution of the binary, and (e) are the 
figures showing the intensity distribution and polarization distribution of an optical signal 
which were acquired. 

[Drawing 81 lt is a figure explaining the multiplex recording method and regeneration method 
by a hologram of this invention. 

[Drawing 91 It is a figure showing other examples of the process which a data constellation 
multiplexes to an optical signal. 
[Description of Notations] 

1 Optical signal 

2 Reference beam 

3 Read light 

4 Diffracted light 
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10 Optical recording medium 

20 and 30 Spatial-light-modulation machine 

21 Computer 

22 Recording head 

23 Read station 

25 Intensity distribution 

26 Polarization distribution 

40 Light source 

41 Beam splitter 

42 Shutter 

43, 44, 45, and 46 Lens 
47 and 48 Mirror 

49 Light polarizer 

50 Photodetector 



[Translation done.] 
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sffl3tK>4*-CfS-g-jt«)iffi»flBA©*|^iS:9 0° IbI£3 

tf-cpOBt* ut. 3tieaai#©ittB©*o^9A# 10 

<fcV\, 

[0 0 0 9] ±ffi«>»!), 3tlE««E«:o|SI-«*tC. ft 

[o o i o] m^tHLmat. %M&*B?7*tM% 20 

ft* n 7* 7 AM J; -5 p^Jt^tSrW-rsiElSf^jJ^e, 
[0011] #*b*l?clHUff}t£\ {Dtf-A^7°y ;y7 

±ot, #*<0*D7*7^fc:J:9£lflE»£;h/CV>S2 

orof-^Sr, •^«tLTJR»JW-t-r. 30 
[0 0 12] dOipK, ±i£Lfc;#i!fclc:j:*iff. 3tl2 
fikjSEf*© PI * o t* 7 A fc #fi(el£Sl L . 

[0 0 13] 

«t 9 left ^■jt<o«jt*i^S:|EAT#fi8saki-5»^-fi: 
#**n7*7A!E&£tffrft<TI4&fe-f, IBftjfcK© 40 

[0 0 14] *36Htt±ffi*ttffc**fc£ftfcfe<Z>-C*> 
[0 0 15] 
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V&&ft$>Z*ay7J*kLX&m&m-fZ>Zb&%f®. 

[ooi6] *mw<DitBzmj]feX'^ m^yttmytsi 

ep^>. ytofe&kMytjjftkZT-fiz-TVTkLxm 
m-tzz k\zx <o, aft^-^s^ft^-jtjjiftsp^-fr 

m&*a?yj±tLx£>mmm-rz><DX\ mm^ytxn 
mz£w.izu&rt?>zktfX'Zz. z<Dm*)m&<D7 : - 

9m*m#\z%fffiiMmz'&.®.-l-z>z\k\z2:*), Mitf 
2o©7*-^»«r|51l$|rjafti--5*&«tlEfik^FWiJS^ 

[0 0 17] *n^ 7 A!Ea£tT9;fcft<Off-§-)fc£ LT 
^»S:fiti*-f53tt, J&2 0x-*Plc*tJlt;LfdI:>t# 
[0 0 18] #Wjg«JB$H3i (3tRje2feft4fcli3t»i 

3t<ofg3tttffifc<«rt;L, AWftodft#fS]£fea-f -5:: 

tm^. iron-t, fw*^3tnttfk-f-sa**i- 
i&mmm&zm^z bmzmmKftg&it-tzmzGir 

^#»«r£4*fe©##* L < . 

£ LTMt. #y i^x/H¥*^jll4nfc'>^< till 
[0 0 19] *fc, j^£#fi<0ffltt<o»I^MmcJ:0S 

#SBjt i lRli*lcjtlEft«E(*c<o0f3£tS«»wJgJH' 

T #ai2a-t* 5 J: 9 L T 1 4 1\ 
[00 2 0] *38W<OJtBE»Sg|lH:, afc-uvMift 

*&U { !il«^JCJ:Oli»:«)r-^»S:«»i-Sft*jt 
Z£i&-tZ>fflk<Dg.T%%mffi&k, HUf2ff#7t^7tf5a 



(4) 
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[0 0 2 1 ] #3591<DjfcffiS8Stt-Ctt:, «ft«>SnXX 

* «r ftjSi" * w i # 5. HBIt^Sl* r. ©« # 
It LT, ®{§%%<Dmytft1fiRTfi&&Wli&*vyrJ* 10 

■rzzttfx-zz. 

[0022] «ftosn%KMSr±. 3t««»e> 

1 9 » i <o^-^»sr«»i-5flr#3t*±fili-f a» i © 

2 ©^-^{aJXTflHtefcH LTaMMM&K: J: 9 $ l 
^»Sr(5y*t-S(Sf-3tS:4l«-rsiB2<oaWl3t«W» 20 
[0 0 2 3] 

i%m<D%mmm\ cut, HBifciMHL-cttMi©* 

[0 0 2 4] £1\ *«WT?ttffli-*fll3t«*a<03tlB 

[0 0 2 5] 01 (A) td^-rj; fli*JS*Si!i03t 
SB«SK«: 1 0 11. tfy^mWi ^©SWSffi 1 1 co-ffi 

j&$JvCV*S. ffi^B$©m^l*5J;U ? #BS,^;2{i, El 30 

(3&te) ©eSttr*3W*fctt, fl%«£Jll 2W15 

S*U\, 0i3tJ8J6JBl 2«>J¥$S:lmmlC-fSi» C 
D — R OMCO 1 0 0ttSS©ffiSkS*^S^tas-C* 

So 

[0 0 2 6] #io\ ffl3t«JtS!©3tlEfiyiflc|i, H 1 
(B) {c^i-«t9ic, AlEfltiKflci o^^AReiKJB 
SfttSr^-tiiit^S l 2T«Lttii\ 
©fflit^jeSS i 2 . +*t>hytft®M# i o <Dff h-\ 4. 40 

[0 0 2 71 11 (A) RX1 (B) <7)l/^-ftlC0^lCio 
*>*>ff #-KJt-<T+#*# iffijJJ 9 SrW-f* <fc 0 

■tZo tit, t/ttzm&w-i oit^j x?ftmt-fz>(Dtf 

[0 0 2 8] ffift££J| 1 2 14, ft^&He#Tt££* 

u m^i *#JB*2fcrora©ffljtfl<Dffltcj6)&-r± 
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[0 0 2 9] T/-<>1fy|4. )fe«)JSJHJC±o-C h7> 

^ (A) 9. ->^S!lc4-5iTIE 

it^ (B) fc^H-^fllitfcfci. ->^Sl4^Wlc^ 

5. 

[0 0 3 0] 

Hti] 

<t*SC (A) 




[0 0 3 1] {gft&ftje 1 2 O*t^©»a/i0Ht LT, 

t LTfEH:"C# ("Holographic recording and retri 
eval of polarized light by use of polyester contai 
ning cyanoazobenzeneunits in the side chain", K. Ka 
wano, T. Ishii, J. Minabe, T. Niitsu, Y. Nishikata 
and K. Baba, Opt. Lett. Vol. 24 (1999) pp. 1269-12 
71) . 

[0 0 3 2] 

Ut2\ 



(5) 
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mi 2*<Mx.tz]mm%Vfl OH. if^)^.^=f,V(D^u y^^^^aVyAtWL, 02 (B) <D£.o{zm 

momifc&fcsi 2t>mj$£htLftmmmfci o<dwu [00401 z<nx?iz, t^^^shmrjcwi-* 

»(CftS1-« 3 6 5nmftifil;t-^ft5^^ 1 2 t L"C«*63felE««*l 

h^a«»e>nfc. o tcituf, 1 tmm^t2<Dm^^w-nxh 

[oo3 4] **s. ytt&mm#<r>ftm%feteMzm.(b oxta^L-c^tt, ry^oaxo^^mms 

f^3-hLT#E»«fc£f£«L-Ct><fc<, 20 10 0 4 U ±iEO#*©»-&jC^n^7AKa3t3W 

* 1 2 0*m«rW s IMR-fe/i'^ttALT*ia«Kfl:*^ «**|B]*^fl83t 2 <0«3toErlRl t PI 1 -ffttf. ft 

[0 0 3 5] ^^r^^-g^SrWaUcWi-S*^* [0 0 4 2] 0 3|d*«lflro3tiE»S«©— pij^^-r 0 

^SrOfttlSlS* 1 2<t LT#*.S3fcie«HI£fcl Ofc, * fCtffiffl-f-Sr ir^T'#5„ 

o^yASrlBS-*-**^, tMti=t-i/> Miiff [0 0 4 3] 0 3 (C*1"J; 9 i<7)*K»SSitl±, 3t 

* 1 *J ±tf#s8Bt 2 fc, jfcGftitff: 1 0 cDPJHSMSKip] SfttKflc 1 0 ©BfjfcfflKKflr** 1 & VIMH3t 2 £p]($ 

30 tJS»UT*o^9ASrffi»-r5|Bft^y K2 2i, IS 

[0 0 3 6] 1 t #BB3fc 2 Ofi^fp] ^$tl/c*n^7A(cJ;5tHl^4SrK^©-5K5lt)^ 

rivE^tcWiit, 112 (A) 5 2 3t, im*.X^S a 

IC, fg-§-3tl i: #HRjfc 2 tfSfcfctes 3t I 0 0 4 4 ] Kft^y K 2 2 li, 3 t - W Yt£%i£% 

ry-i^y(OE[pj^^?lf &Z£tiZ> 0 &o y y^4 lS:SiaLfcJt«E4-sMfjt'fb-t-5w>X4 3X 

[0 0 3 7] ItlCWLT. «*3tl i#HH*2©ai* OSIS|jt«ag3 0, a«£Sl&tflHftgH3*i,fc«# 

#l»l*Z^fcia£$tffc£t. 02 (B) fc* 40 * l Sr3tE»«Eftl O©0f^ffl«jc**i- 5*3tu>X 

■f-«t9f-, (§■§■* 1 Srpfilfti U #H8#2£siIjfc£ 4 5, St/f-A^y y 4 1 -eKW£ftfc3fei££# 

¥fT*£#©J:34*!l«$mt£i:4v\, ^©ft^ 1 ? 7, 4 8 

• mmbizmmzti^ m.&u%u [0045] ttz, t-A^^y^4i^yx4 3 

wsnfcisjt^JcffiisTT^^xoEifiiaE^sfi zmcxm^-Ki &»»ru t--A*:/y y *4 its 

#g^$*l3<0-C. SWWlC*|6Ht<Oj|/j:5!»ilX**/S: W£ftfc#!B#2£tt£SttiJ*£ LT*ffift«E«ci 0IC 

l4Hlr*©lro*W*B^7A|: L TIES Six*. A#t3-fr-5. 

[0 0 3 9] 02 (A) tf>J:5K{**jfcl t#B8 50 [ 0 0 4 6 ] KB 9 «|S 2 3 f±, Bflrft 4 £¥t7?t 
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{£1-5 1^X4 6. 0«f*4(C^4*l*3f*«)fll*|*» 

filft^-4 9£^LTA#t£tvSls]t?r?t£&mi-3CCD 

[0 0 4 7] 3&10>£IW3te£W»2Ofttf3l2ro 

*U ave*-* 2 ItCfc OIWW^JXTV^. 
[0 0 4 8] #$U 0 b LTI±, ftfE&j&ft 1 0 <Dm% 

■tS«IRaft*5 1 5 nmWr/^Wiyu- iFtrftii 
[0 0 4 9] » 1 ©Sm*«W»2 0 b LTfi, 

4 IC^-T J; 9 *m^^BT5W©-oT'fc^ffi B B B 1 
2 lWfSfSfca^l 2 2, 1 2 3£jgfifcLfc8iSS!©iS 
BB-fe/H 2 4?r{ix.T^-5o jfoHrfe/H 2 4<£>PH9k EP 
^AfcB^WiCli. fi3t«l 2 6. 1 2 7^I2B£tlT^ 

So 

[0 0 5 0] »2©SW3taW«3 0 b LTIi, g 1 © 

[0 0 5 1] wOfcftfcHSrfTSSfflftgSIS-Ctt, 2 
[0 0 5 2] i5IOfti5!c, AW#6tts 

m%xn«3 oomjE^PnAp^tL/jr^iii^T-i±, 1/2 

"C, 2WitSEHIl3 0©«EEasHiJo*nfcii*li, 1/ 
2Mffi©WM5° G3$gLT\ A*fcte6<&«ife#|Hj* 
9 0° 0$5£-tt s C<DjS*SraaaLfc(t-*jtl blip« 
jtifcS. ZtDXolc^ 2flq%£M83 0£i§igLfda 

[0 0 5 3] 3t«4 0A»P>ttl*$nfc=i t-U> hjt 
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©z^tKlc^i-tbixS., t-A^/y 4 1 £j§i&L 
fc*ftl±U>X4 3i3«fct;4 4lC«fc V %,&<D*:% t£¥ff 

M%XfH»2 Otcj; 9§iMf|£tt. SB 2 ©ffilHftgW 
»3 0tcJ:*»ffl3tXW$ixT. im-* 1 dsftrit^lis. 
[0 0 5 4] 0 6 (Cx-*8M;#fi<b£tl-5iI*££^ 
■to AW$*ufc3ti!E*sSgl0SIW**W»2 0 

ofctt), t&2©^-*#fc£CTffl)te3EH£;h,. is 2 

©7 f -^»^*fJE£LfcfiJt»*2 6£f<t-££;h,fdf^Bfe 
l^^liS. BP*,, ^fen/df^ilciix-^H 

*2©7 f -^»Sri*«PLTV^. 
[0 0 5 5] {££±2 X 2ffiH$fcf;i2 X 2 Yfy 

(cov>-c»L<UiBJ-f5o 

20 [0 0 5 6] 07 (a) tCSgl©x-*3¥ (f-*"<- 
v?) «r^1\ fU©2IBJft&H*2 0fc.fci), 13 7 

(a) {C^-t-x-^^-v^tCitJCSLT, 5*—* "0" tC 
m-t-5B*©*»«*si.. "1" KJtlE-ffi 

B*©3t3S«# 1 1 ( 1 0 < 1 1 ) i&SJ;;>{c, At=f£ 
tlfcftScfc^U 2fa©3S^^{cJ;iJ«$nfc7 : '^ 

(B7(b)). in*,, r-* 

"0" i:^t5I^^ "Sf" ©Bi*-i?*>0, x-* 
"1" {c*fjti"5H**s "9T ©Pi^T'fcSo ::tm 

30 as**. i»^o t-rscitct 19. m^-tx^ic 

[0 0 5 7] 07 (c) (C|B2©x-^8¥ (x-*^- 
v^) ^r^-To ft 1 ©£M#£ai» 2 0 (c J; 3i^^p $ 
Jifc*«EH:, gfefC, »2©3SW3t*W«3 0tAj*-t- 
So jBl©SW5tSEW»2 0SrffiaLfc3tiftl4, Sg 1 © 
SmXXMII 2 o wiijtlgic «t 9 3rSo«3t*ffit* L- 
Tv^S, SE2«?^W3t?«!»I«3 0{cJ:ij, 0 7 ( c ) fc 
*i"x-^-<-^(C^UT, r-^ "0" (c^-fS 

■*©<S7t^fi/J5 0° (pfijfc) , X-^ "1" Idftjfc 

40 •t-5B*©«3t*tt*S9 0° (sffljt) ift*J:5{c» 
AW^tifcJtftSr^WU, 2ffi©ffl3t5>*Jcj;ij*Six 

tf^^^7-^^±/«t5 (0 7 (d) ) o 

[0 0 5 8] a^lC 2 o<0£Wg3|g|c <t o T^p $ 
*lfcjt»*SfS^3t 1 ±IE©*g-li, 0 7 

(e) ic*-f«fc5fc, #f>tvAcft-^3tifcii, 3^X0 

[0 0 5 9] ±fE6D#gft;*-5t-m. 2 oWSMjt^ W 
50 KT-lo©^tjg(>l2 0(75r-^'<-v ; ^#m=i- hMft" 
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izmw Ltzi\ 0ijx.fi, loooxioo onxo&m 

[0 0 6 0] |EftB*lZli, Si3.Rlfl2 8 (a) iZ^-TX 

9«c, m&gfflx.v&?tmffl£}xtim%-yt i 14, 

4 lT'KM£iT,fc#fiBj£2l4, ^ 7-4 7&tf4 8X'R 

Vf*X\t%% 1 b %m-tZ i 5 iCftEftKft: 1 0 (cAfcf 
£*l£„ ~tf>4. 5JC(i^-3t 1 4:#«5ft2 tSrR-tWfc 

[0 0 6 1 ] SMcf4, H S&tfHS (MlC^i 
9«C, ->t7^-4 2«rBiCT{B--§-ftl*JgWrU #«? 
3t2©*Sr«ffljt3iL-C*IEajSE#l 
SSffift 3 (4, *fc!6»t«** 1 ^Gftifjc 1 0 

4) i4, ZhZ\s>X4 6\C£ «J^ttSS5 0ICigfc£ 
-£ 3 0 w ©@lff 3t 4 tt«#3t 1 b IS] *(ft«f 

[0 0 6 2] *l <£>7-?8¥l4, ft&ttiS5 OttUJJ 

io7-?»£§^©5*§i^f4, wftm&wttt* 

i§tt^4 5° K»^i-niiftv\ @#fft 4 ©sag «{§-§• 
3tucJt«i-5o-e» Z<oit®mm.&ab-rz>b. 7- 

* "0" KiSflS-*-* "flf" roW5ifwft&gl4a 1.4:4 

9, x-* "i" i;mt5 -nr <Dmm<Dft&m*a 

I i 4: 45. w wT\ H£fr a Ilia Ii ©IWWRJtl- 

"l" <b "o" i**l9H-s;i£tf-T?**. 

[0 0 6 3] »2©7 f -^»*»*JR5tao-C 

^*^ttlS5 OT'^ttJi-5 0 !&2<7)x-*S¥t4, -ro* 

[0 0 6 4] #|x.f49 0° ffl3to*#Sr#*Lfc»£-|;:o 
v^TtftWi-*i. @5T7t4ro<l7t^fi^0 o ^fS^M 

* (I2©f-?^-^ "0" SflS 
#»4, (B3t-7-4 9SrSiaL4v^©-C3tai«l4 0-e*)* < , 
EI*f3t4(Offl3t*(4/J s 9 0° <£> s {fSftcoH^f (^2^7 

be li0V*1*ftA^£tt£&&5 B ZZXBtettfrM 
m.XhZ>. 1P*>, IU5T7t4<09 0° <H)fcj*#0>jte3S£tt 

b "0" ©2«r?*£ix-C^S4§£fcli % *f*S-t-5jii* 
oftmmtZftZ'iiP lob p I . £45 8 *zx\ Io 
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"0" fc *«»]+* Cirt*-?* 6. 
[0 0 6 5] ELh©a»). *«Wro*|Eft*ft&tJt3tfiE 
ft§S«T?tt. &£r>*&T^ft#*lc4 9a;&Lfdi$: 

X£&fZm-j-Z>ZbfcXZZ a EftStifcjjxn^ 
7Alcg-3%ff±£;h,fc@tJr}fc7!^ fii3tfi8^©»Ri 

10 [0 0 6 6] ±fET'f4, Alt^tlfcftigfcjg 1 <0£H3fc 
^l$^iC4 9fglc07-*$f£j£t:T8MilL, & 

2 ©7-*«M;:iS CT«**»I LTff#3tSr 

[0 0 6 7] #Jxl4, «**SlLfcaiC3fi««jHU-C'b 

7ttc N tg2<a7-*8¥fctt&Lfc&£#*£tt-£LTf§ 

[0 0 6 8] OI3t*ffiK>ll4'6*aS*#*aME* 
20 PLT-g-jgLTt 4V\, BP*,, jff3£*l6l«5ffl3t«)aS^ 

4: (4S4 -5 *rS]Oii7t ©g»«^|^ «t 9 m 2 Ox- ^ W 

1 ©SM3ttEW»2 0 (cj; 9 IS 1 W7-^S¥tc^CT3t 
g^p-T 5 <!:#(£, d^*{i7)S9 0 o (s«3t) 

2 eoaSIB3t«SI» 3 0 (Ci >9 ^ 2 (07-^PtCJ^ C 
T3fi£gSW-5„ -t LT, »UJE«W$iifc vfa%2 7 b 

&&mm£tiit s®yt2 8b L-cft** 1 
miwx-^-i-^3-K{k$tt, s ffiftn&mmm 

[0 0 6 9] HfC, ±IECD^Di/7A<7)#fi|E^^; 

mttbmmLxnm-tzzbh'simx'hz. 
[0070] ±iet'I4, mmmm^m 1 ©arajt^ws 

T*fTV\ {mft^m&Wi 2 n&ffiftMffi&x'niX^Z 

[0 0 7 1 ] 

[0 0 7 2] JtlEaffltfti: LT(4, mjfE{k^iC (C) T* 
fco iifiiEfc^ (C) T-S^ji5->7y7/^y^ 
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±JcBB5 2 0 u mWfBt^jfcJf U ttffiSJttftS: 

5, T/^yWjt-n *g^lC*BSi--53 6 5 nm 

[0 0 7 3] Kafy^mRXfWZHZlt. 1 3 

OHHi. ^SSfi5 1 5nm©7^W*>l/-fS: 

3? l <75£P B l7fc^fl8! 2 0&tffg2 flJ^Mftg 10 
PS&3 0ICI4, li*C*#$«S4 2/imX4 2)/mt? 
6 4 0 X4 8 0Br*©7'ai?a:^^fflJSfi/-«^H . 3 
SlfcflJ^fc. fiU »10ffiM**P*2 0©ffl/j«C 

»3 0roa^)«lCH:ffl3t«^«l<. »2©7 f -^»^Jt 

rotten* 2oti2 ©sib*iew« 3 o ii. Mutate 

[0 0 7 4] @31C^-TJ; 5C, *K40a»e>ffl/7$n 20 

#$££*v5 0 f-^^yy ^4 \ <D'-^M%\t^^X4 

Ml <D£IRI**8MS 2 O&tfjg 2 ©SW3t*SI» 
3 0*j$ifiU U>X4 5IC±oT3tffi»«E#l 0 (C* 
?t$n5„ if-A^y y*4 i0>Kltjtett*? 

-4 7&tf4 8JC«t«JKJWS*trjWS3t2 fcfcO, 3tl5 
MK^l 0fm*i t^Mi-S-t 9lcA#t£*t5 0 
IS i 0>£fflft£»!» 2 0 RtfJB 2 <03£M3t£»l* 30© 
<§-*^3^t°^-^ 2 1 (cfc 9frJtJPU AWSftfcftSE 30 

[0 0 7 5] £l0&mft£M«2 OtIJ. 07 (a) 

**aiS3t»« ( "9T #«g) iU x-* "0" tc 

( "UP" ftM) Ht, 17 (b) Ic*-f2{i<7?3£g 
KM X& $ ftfc x v? * ^-r- * £ L fc. 

[0 0 7 6] H2<7)£P B 1ftgpS§3 Otll, 17 (c) 
C/Ttf^i'/Vf-? (35 2»x*-*) JCS^T&ft 40 

%.m*'notz a t-9 "0" fc#j£-f 3B3fcD{I}fe;fr{i 
#0° KIhHEL (pd3fe) . x-* "1" iZttlt-FZW 
*o«Jt*ffidS9 0° £0*51-5 (sOSit) i^tcL 

t, 17 (d) IC^-r2fIro<S?t^T'*$nfcxv^ 
/Wx-*£4Efi£Lfc 0 
[0 0 7 7] fg-t)fe 1 £ j*Bg# 2 t l 0 

^ x\ mmmt/t&it® 1 j / c m J t Ltz 0 
[0078] m^-ta LBfMt. m#3t 1 »5feK±icEs 
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»Jt2«»t*:*B»li*l OKAHSttfc. [n]#Tft4£ 
1^*4 6K<fcoTCCDm*LfcjtefcttiS5 OJOft 
x-^lHfe&fflW&ofc.. »W* 3 ©jtsaftii 
10mW/cm ! i:Lf: o ~;:T\ ggfflft 3 {ZittiBm 

2£J*fc5R;ft<0flW13fc3&ffl^Ti«fcv\ 7^>^ 
VORlR t *- * ;»» # < «Hxfc«ft v » 5 - t £ «t 
9, ItWmftl OlcJ:5!»J|XM5fe*{S«1-St i fc 

[0 0 7 9] Sl5*W**tfclEl»f3t4©4 5° 
«3t^- 4 9 £ <£ o T#$t L /t 0 * ftfdfilftfijc^ttft 
&ffi^5 0(C<fcoT&ffi£ftfc 0 @#Tft4©4 5 0 fift 
^tt, fUOx-^-^lCftjfcLT, 17 (b) (C 

fiH-WT\ EHff)t4 0jt!fiSf4«3t^-4 9^^ig1"-5r 
<ttC«t «5 1/2 tttio lot, x-^ "1" (C*f^1- 
5 "W" tt»«>H#«)3tgft«S:j|ft0. 5mW/cm ! , 
x-^ "0" fc*te-T5" Bf" «fl|oiii3gWife3iSSr 

«]0. 2 5mW/cm ! taaW:tm5, Hfit 
yo*tyh*f*)5 "1" t "0" t^WJ-T-SCi 
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